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– . , Hopf ,
$\mathrm{W}\mathrm{i}\mathrm{g}\mathrm{g}\mathrm{i}\mathrm{n}\mathrm{s}[3]$ Hopf ,
.
, Melnikov , $[5, 6]$ , , , Hopf
. ,
[4]




$\dot{x}=J\mathrm{D}H(X)+\epsilon g(x,\omega t;\mu)$ , $x\in \mathrm{R}^{2}$ . (1)
, $0<\epsilon\ll 1,$ $H:1\mathrm{R}^{2}arrow 1\mathrm{R}$ $g:\mathit{1}\mathrm{R}^{2}\cross \mathrm{R}^{\chi}1\mathrm{R}arrow \mathrm{R}^{2}$ , $g(x, \theta;\mu)$ \theta
$2\pi$ . , $\mu\in \mathrm{R}$ , $J$ 2
$J=$




Al. (2) $T^{\alpha}>0$ $x^{\alpha}(t),$ $\alpha\in(\alpha^{1}, \alpha^{2})$ , (
1 ).
(2) 1 , $\phi$ , , $H=H(I)$
$x=(X_{1}, x_{2})$ (I, $\phi$ ) [8].
$x^{\alpha}(t)$ $I$ $I^{\alpha}$ . $x^{\alpha}(t)$ \Omega (I\alpha ) $=(\mathrm{d}H/\mathrm{d}\alpha)(I^{\alpha})$
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1. $m$ $n$ , $\alpha^{m/n}$
$m\Omega(I^{\alpha})=n\omega$ , $\frac{\mathrm{d}\Omega}{\mathrm{d}I}(I^{\alpha})\neq 0$ (3)
$\alpha$ . , $T=2\pi/\omega$
$M^{m/n}( \theta)=\int_{0}^{m\tau_{\mathrm{D}H(X^{\alpha}}}m/nm/n)(t))\cdot g(x^{\alpha}(t),\omega t+\theta \mathrm{d}t$ ,
$L^{m/n}( \theta)=\int_{0}^{mT}\mathrm{t}\mathrm{r}\mathrm{D}g(x(\alpha^{m}/nt),\omega t+\theta)x\mathrm{d}t$ (4)
. , $\cdot$ . $M^{m/n}$ Melnikov
. $M$ $L$ .
1. $M^{m/n}(\theta)$ $\theta=\theta_{0}$ , ,
$M(\theta_{0)=0}, M_{\theta}(\theta_{0})\neq 0$





$L^{m/n}(\theta 0)>0$ ( $<0$ ) ( ) .
2. $(\theta_{0}, \mu 0)$ 4 .
(i) $M^{m/n}=0;(\mathrm{i}\mathrm{i})M_{\theta}^{m/n}=0;(\mathrm{i}\mathrm{i}\mathrm{i})M_{\theta\theta}^{m/}n\neq 0;(\mathrm{i}\mathrm{v})M_{\mu}^{m/n}\neq 0$ .
, $\mu=\mu_{0}$ $m$ . . ,
.. (v) $M_{\theta}^{m_{\theta}/n}M_{\mu}m/n<0$ ( $>0$ )
( ) .




, $\mu=\mu_{0}$ $m$ Hopf . ,
(vi) $\Omega_{I}(I^{m/n})(M^{m}\theta^{/}\theta L\theta-/nL_{\theta\theta}nmm/n_{M^{m}\theta^{/n}})$
( ) ( ) .
3
(2) .
A2. (2) $x^{\mathrm{h}}(t)$ $x^{0}$ .
$\lim_{tarrow\pm\infty^{X}}\mathrm{h}(t)=X^{0}$ .
2
(1) Poincare $P^{\epsilon}$ .
$P^{\epsilon}:x(\mathrm{o})arrow x(T)$ . (5)
, $(x(t),\omega t)$ (1) . (2) Poincar\’e $P^{0}$ .
A2 , $x^{0}$ $P^{0}$ , $W^{\mathrm{s}}(x^{0}),$ $W^{\mathrm{u}}(x^{0})$ –
. $\epsilon>0$ , Poincar\’e $P^{\epsilon}$ $x^{0}$ $x^{\epsilon}$
, $W^{\mathrm{s}}(X^{\epsilon}),$ $W^{\mathrm{u}}(x^{\epsilon})$ ,
.
$M( \theta)=\int_{-\infty}^{\infty}\mathrm{D}H(X^{\mathrm{h}}(t))\cdot g(X(\mathrm{h}t),\omega t+\theta)\mathrm{d}t$ (6)
. $M(\theta)$ Melnikov .
4. $M(\theta)$ $W^{\mathrm{s}}(x^{\epsilon})$ $W^{\mathrm{u}}(x^{\epsilon})$ .
Melnikov ( 1 ).
Smale-Birkhoff ( , [2, 3]) , $W^{\mathrm{s}}(X^{\epsilon})$ $W^{\mathrm{u}}(x^{\epsilon})$
, .
, , , 4 ,
, , .
,
$L( \mu)=\int_{0}^{T}\mathrm{t}\mathrm{r}\mathrm{D}_{x}g(x^{0},\omega t;\mu)\mathrm{d}t$ (7)
.
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5. $L(\mu)<0$ $x_{\mu}^{\epsilon}$ , , $|\mathrm{D}_{x}P^{\epsilon}(x_{\mu})\epsilon|<1$ .
6. $(\theta_{0,\mu_{0}})$ 4 .
(i) $M=0;(\mathrm{i}\mathrm{i})M_{\theta}=0;(\mathrm{i}\mathrm{i}\mathrm{i})M_{\theta\theta}\neq 0;(\mathrm{i}\mathrm{v})M_{\mu}\neq 0$.
, $W^{s}(X_{\mu}^{\epsilon})$ $W^{u}(x_{\mu}^{\epsilon})$ 2
$\mu=\mu_{\epsilon}(=\mu_{0}+\mathcal{O}(\epsilon)$ . ,
(v) $M_{\theta\theta}M_{\mu}<0$ ( $>0$ )
, $W^{s}(X_{\mu}^{\epsilon})$ $W^{u}(X_{\mu}^{\epsilon})$ \mu >\mu \epsilon ( $\mu<\mu_{\epsilon}$ ) , $\mu<\mu_{\epsilon}$ (
$\mu>\mu_{\epsilon}$ ) .








$\dot{x}_{j}=J\mathrm{D}H_{j}(xj)+\epsilon gj(x_{1}, x2,\omega t;\mu)$ , $x_{j}\in \mathrm{I}\mathrm{R}^{2}$ , $j=1,2$ . (8)
, $0<\epsilon\ll 1,$ $H_{j}$ : $1\mathrm{R}^{2}arrow \mathrm{R}$ $g_{j}$ : $\mathrm{R}2\mathrm{x}\mathrm{R}2\mathrm{R}\mathrm{x}\mathrm{R}\mathrm{x}arrow \mathrm{R}^{2}$ , $g_{j}(x_{1}, x_{2}, \theta)$
$\theta$ $2\pi$ . $\epsilon=0$ , (8) 2 1
$\dot{x}_{j}=J\mathrm{D}Hj(x_{j})$ , $j=1,2$ (9)
. , (8) Poincar\’e $P^{\epsilon}$ (5) . , (9)
Al .
Alj. (9) $T_{j}^{\alpha}>0$ 1 $x_{j}^{\alpha}(t),$ $\alpha\in(\alpha_{j}^{1}, \alpha_{j}^{2})$
.
$j=1,2$ $m_{j}$ $n_{j}$ , $m=(m_{1}, m_{2})$ $n=(n_{1}, n_{2})$ .
$\mathrm{d}\Omega$
$m_{j}\Omega_{j}(I_{j}^{\alpha_{j}})=n_{j}\omega$, $\overline{\mathrm{d}I}(I\alpha)\neq 0$ , $j=1,2$ , (10)
\alpha $=(\alpha_{1}, \alpha_{2})$ $I^{\alpha}=(I_{1}^{\alpha_{1}}, I^{\alpha 2}2)$ , , $\hat{\alpha}=(\hat{\alpha}_{1},\hat{\alpha}_{2})$ $\hat{I}=(\hat{I}_{1},\hat{I}_{2})$
. $x^{\hat{\alpha}}(t)=(X_{1}^{\hat{\alpha}_{1}}(t), x(\hat{2}\alpha 2t))$ $\hat{I}$ , $m_{0}$ $m_{1}$ $m_{2}$
. Melnikov .







. (1 $m_{0}T$ .
(8) .
8. $(\tau_{0}, \mu 0)$ 4 .
(i) $M^{m/n}=0;(\mathrm{i}\mathrm{i})\det \mathrm{D}\mathcal{T}M^{m}/n=0$ ;
(iii) $C_{j}^{m/n} \equiv\frac{\partial M_{1}^{m/n}}{\partial\tau_{j}}\frac{\partial M_{2}^{m/n}}{\partial\mu}-\frac{\partial M_{2}^{m/n}}{\partial\tau_{j}}\frac{\partial M_{1}^{m/n}}{\partial\mu}\neq 0$ $(j=1\text{ }.-\ovalbox{\tt\small REJECT}\mathrm{h}2)$ ;
(iv) $IC^{m/n}\equiv C_{1^{/n_{\frac{\partial}{\partial\tau_{2}}}}}^{m}\det \mathrm{D}_{\mathcal{T}}M^{m/}n+C_{2}^{m/n_{\frac{\partial}{\partial\tau_{1}}}}\det \mathrm{D}_{\mathcal{T}}M^{m/n}\neq 0$.
$\mu=\mu 0$ $m_{0}T$ . . ,
$K^{m/n}>0$ ( $<0$ ) ( ) .
(9) A2 .
$\mathrm{A}2\mathrm{j}$ . (9) $x_{j}^{\mathrm{h}}(t)$ $x_{j}^{0}$
. .
$\mathrm{A}2\mathrm{j}$ Poincar\’e $P^{\epsilon}$ $x^{0}=(x_{1}^{00}, X_{2})$ , ,
$W^{\mathrm{s}}(x^{\epsilon})$ $W^{\mathrm{u}}(x^{\epsilon})$ , $x^{\epsilon}$ .
2 Melnikov .
$M_{j}( \tau)=\int_{-\infty}^{\infty}\mathrm{D}Hj(xj(\mathrm{h}-t\tau j))\cdot gj(x(1\mathrm{h}t-\mathcal{T}_{1}),$ $X_{2}^{\mathrm{h}}(t-\tau 2),\omega t)\mathrm{d}t$ , $j=1,2$ ,
$\tilde{M}_{1}(\tau_{1})=\int_{-\infty}^{\infty}\mathrm{D}H1(x_{1}^{\mathrm{h}}(t-\tau 1))\cdot g1(^{\mathrm{h}}x_{1}(t-\mathcal{T}_{1})),$ $x_{2}^{0},\omega t)\mathrm{d}t$ ,
$\tilde{M}_{2}(\tau_{2})=\int_{-\infty}^{\infty}\mathrm{D}H_{2}(x^{\mathrm{h}}(t-\mathcal{T}_{2})\mathrm{I}\cdot g2(X_{1},x(t-\tau 2)),\omega t)20\mathrm{h}2\mathrm{d}t$ (12)
, $\tau=(\tau_{1}, \tau_{2})$ . $M(\tau)=(M_{1}(\tau), M2(\mathcal{T}))$ .
9. $\tau=\tau_{0}$
$M=0$ , $\det \mathrm{D}M\neq 0$
. $W^{\mathrm{s}}(X^{\epsilon})$ $W^{\mathrm{u}}(x^{\epsilon})$ .
10. $j=1$ 2 $\text{ }\tilde{M}j(\mathcal{T}_{j})$ $\tau_{j}=\tau_{j\mathit{0}}$ .
$W^{\mathrm{s}}(X^{\epsilon})$ $W^{\mathrm{u}}(x^{\epsilon})$ .
(8) .
11. $(\tau_{0}, \mu_{0})$ 4 .
(i) $M=0;( \mathrm{i}\mathrm{i})\det \mathrm{D}_{\tau}M=0;(\mathrm{i}\mathrm{i}\mathrm{i})C_{j}\equiv\frac{\partial M_{1}}{\partial\tau_{j}}\frac{\partial M_{2}}{\partial\mu}-\frac{\partial M_{2}}{\partial\tau_{j}}\frac{\partial M_{1}}{\partial\mu}\backslash \cdot\neq 0$($j=1$ 2) ;
(iv) $K \equiv C_{1}\frac{\partial}{\partial\tau_{2}}\det \mathrm{D}_{\mathcal{T}}M+C_{2}\frac{\partial}{\partial\tau_{1}}\det \mathrm{D}_{\tau}M\neq 0$ .
\mu $=\mu 0$ 2
. , $K>0$ ( $<0$ ) ( ) .
12. $(\tau_{j0}, \mu 0)$ 4 .
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(i) $\tilde{M}_{j}=0;(\mathrm{i}\mathrm{i})\frac{\partial\tilde{M}_{j}}{\partial\tau_{j}}=0;(\mathrm{i}\mathrm{i}\mathrm{i})\frac{\partial^{2}\tilde{M}_{j}}{\partial\tau_{j}^{2}}\neq 0;(\mathrm{i}\mathrm{v})\frac{\partial\tilde{M}_{j}}{\partial\mu}\neq 0$ ($j=1$ 2).
$\mu=\mu_{0}$ 2
. ,
$\frac{\partial^{2}\tilde{M}_{j}\partial\tilde{M}_{j}}{\partial\tau_{j}^{2}\partial\mu}<0$ ( $>0$ )
( ) .
(8) Poincar\’e $P_{\mu}^{\epsilon}$ , 2 Mora
Vianna [4] – .
(3) (10) ,
[5] . Melnikov 2
. , [7] ,
. ,
.
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